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Abstract: The spontaneous symmetry breaking (and Higgs) mechanism in the theory
quantized on the light-front (l.f.), in the discretized formulation, is discussed. The
innite volume limit is taken to obtain the continuum version. The hamiltonian
formulation is shown to contain a new ingredient in the form of nonlocal constraint
eqs. which lead to a nonlocal l.f. Hamiltonian. The description of the broken symmetry
here has the same physical content as in the conventional formulation though arrived
at through a dierent mechanism.
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1. The light-front (l.f.) dynamics of eld theories, in which  = (t + z) plays the
role of evolution parameter, was proposed by Dirac [1]. The vacuum here is simpler
than in the conventional framework, for example, in view of the positivity (for massive
case) of the longitudinal momentum k
+
. It may be very useful to tackle nonperturbative
problems in QCD [2].
The problems, for example, of the spontaneous symmetry breaking (SSB) or the
Higgs mechanism, however, have remained without a clear understanding [2]. We recall
that in the usual equal-time formulation to describe the SSB we add to the theory
external constraints, like r
cl
= 0 or that 
cl
has to minimize the energy functional
etc., based on physical considerations. On the l.f. we do not have such considerations
available not even for minimizing the light-front energy. It is shown by considering the
scalar theory that the l.f. hamiltonian formulation contains a new ingredient in the form
of nonlocal constraint equations which relate the zero modes (bosonic condensates) with
the non-zero modes. These eqns. allow for a description of SSB and indicate also that
the l.f. hamiltonian is in fact nonlocal and nonlinear [3]. The l.f. dynamics incorporates
in it the necessary constraints in the form of self-consistency conditions. The physical
results in the l.f. and the conventional dynamics coincide, though obtained through
dierent mechanisms.






































() , where V
0
is the variational
derivative of V with respect to  , shows that  = const:, is allowed. We make
the separation [3] (x;  ) = !( ) + '(x;  ) where !( ) corresponds to the bosonic
condensate and '(; x) to the uctuations above it. Such a separation is implied also,
we recall, in the discussion of the degenerate bosonic gas. The ground state in the
quantized theory is characterized by the value of !(= h0jj0i). In view of the Lorentz
invariance requirement we assume [4] for simplicity that ! is independent of  so that
L = _''
0
  V () which describes a constrained dynamical system. The Dirac procedure
[5] will be followed to obtain the hamiltonian formulation which would permit us to
construct the relativistic and quantized eld theory [1]. The discretrized formulation
obtained by restricting x to nite size from  L=2 to L=2 is convenient if we like to avoid
using generalized functions. The physical limit to the continuum (L ! 1 ), however,
must be taken to remove the spurious nite volume eects. Writing the Fourier series
expansion



















 ! + '(; x) (1)
where k
n

































 0 for n 6= 0 . Following the standard Dirac procedure [5] we
establish three weak constraints p
0




()  0, and 
n
 0 for n 6= 0 in
the theory and they are shown to be second class. They are taken care of by dening















; g = fp
n



































g = f;  g = 0 . Implement
rst the pair of constraints p
0




= ff; gg   [ ff; p
0






. We may set then p
0
= 0 and
 = 0 as strong relations. thus removing p
0
. We nd by inspection that the brackets
fg







































































Next implement the constraints 
n




















. The nal Dirac




































































. Following the well
























































for n;m 6= 0 we










= 2(k   k
0







)=(2ik) where k; k
0
6= 0. The use of the integral representation of the sgn


















) that the nite volume discretized formulation is hard
to work with.
The expressions of the l.f. hamiltonian and the constraint eq.  = 0 in the
































































They may also be obtained readily if we worked directly in the continuum formulation.
The new ingredient is the constraint eq. (4). Elimination of ! would lead to a nonlocal
l.f. hamiltonian in contrast to the local one in the conventional formulation. This is not
unexpected and does not conict with the microcausality principle [4]. At the tree level
the integrals appearing in (4) are convergent and on making L!1, we nd V
0
(!) = 0
which in the equal-time formulation is imposed as an external constraint.
The theory is quantized through the correspondence iff; gg
D
! [f; g]. In the













were a(k;  ) and a
y
(k;  ) satisfy the canonical equal- commutation relations,




] = (k   k
0
) etc.. The vacuum state is dened by a(k;  )jvaci = 0 ,





(!) = 0 characterize the dierent vacua in the theory.
Distinct Fock spaces corresponding to dierent values of ! are built as usual by applying
the creation operators on the corresponding vacuum state. The ! = 0 corresponds to
a symmetric phase since the hamiltonian is then symmetric under '!  '. For ! 6= 0
this symmetry is violated and the system is in a broken or asymmetric phase. The
renormalized constraint eq. governs the high order corrections to the value of ! in the
quantized theory. It should be stressed that we do not have any physical arguments, like
for P

, in the theory to normal order the constraint equations. A factor L may arise in
the numerator, for example, in the '
2
term which cancels the L in the denominator in the
constraint eq. of the quantized theory. A self-consistent l.f. hamiltonian formulation
can thus be built in the continuum which also can describe the SSB. The extension of
the discussion to 3 + 1 dimensions and continuous symmetry is straightforward [3,4].
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